Study design: Registry study with prospectively collected data Objective: To determine risk factors for pulmonary complications in spine surgery. [2003][2004] is an exhaustive database of 1,592 patients who underwent spine surgery at the University of Washington Medical Center or Harborview Medical Center. Detailed information regarding patient demographic, medical comorbidity, and comorbidities, surgical invasiveness and adverse outcomes were prospectively recorded. The primary outcome measure was the occurrence of a pulmonary complication following surgery. Univariate relative risks and 95% confidence intervals for each of the risk factors were determined. Multivariate log binomial regression analysis was performed to investigate the association between each risk factor and a pulmonary complication, while controlling for other important risk factors.
UWMC IRB-approved. Supported by grants from the NIH/NIAMS 5K23AR48979 and 5P60-AR48093 and supported in part by the Spine End-Results Research Fund at the University of Washington Medical Center through a gift from Synthes Spine (Paoli, PA)
Methods evaluation and class of evidence (CoE)
The definiton of the different classes of evidence is available on page 73.
Methodological principle:
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STUDY RATIONALE
While multiple studies have examined complication rates after spinal surgery, few studies have focused on risk factors for pulmonary complications after spine surgery. The rates of pulmonary complications after spine surgery has been reported to range from 0.9% to 5%, but methodology and definitions vary from study to study [1] [2] [3] [4] .
ObjEcTIvE
The objective of this study is to identify risk factors for pulmonary complications after spine surgery. (Table 1 ). All patients were followed for at least 2 years prospectively for adverse occurrences.
Outcome: The primary outcome measure was the occurrence of a pulmonary complication in the 2-year period after spinal surgery. A detailed list of all pulmonary complications with definitions used is summarized in Table 2 .
Analysis:
• Categorical data were presented as number of events and percentages.
• Continuous data were presented as mean ± standard deviation.
• Univariate analysis evaluating the association between each categorical variable and a pulmonary complication was performed using Pearson's Chisquare test or Fisher's exact tests (where cell counts were low).
• Univariate analysis evaluating the association between each continuous variable and a pulmonary complication was performed using unpaired t-tests.
• Multivariate log-binomial regression was used to determine the association between each risk factor and a pulmonary complication, while controlling for other predictive factors.
• Risk factors were included in the multivariate logbinomial regression model if they were deemed of clinical importance by the study investigators or if their univariate association had a P-value < .10.
• We examined congestive heart failure, asthma, chronic obstructive pulmonary disease, and diabetes as individual risk factors and subsequently examined and adjusted the Charlson comorbidity score minus these two components to avoid conflagration of our risk calculation [7] . Table 1 Cohort characteristics
Age, years (mean ± SD) 49.6 ± 16.0
Previous cardiac incident, n (%), includes angina, myocardial infarction, cardiovascular vascular disease, congestive heart failure
Revision surgery, n (%)
(18%)
Anterior surgical approach, n (%) 292 (18%)
Posterior surgical approach, n (%) 934 (59%) combined surgical approach, n (%)
(23%)
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RESULTS
• Of the 1,745 patients, 38 were excluded because they were younger than 18 years of age and 100 were excluded for surgical invasiveness scores of 0 (Risser casting or closed reduction under general anesthesia). Fifteen had missing invasiveness scores, leaving 1,592 patients for analyses (Figure 1 ).
• The mean age of the study population was 49.6 years.
Thirty two percent smoked, 12% were illicit drug users and 11% had diabetes and 13% had a defined past cardiac health history. We found degenerative cases to comprise 62% of our study cohort, with 23% to be traumatic. Posterior only surgery was performed in 59% of patients, anterior only in 18% of patients and revision surgery constituted 18% of our patients (Table 1 ).
• The cumulative incidence of pulmonary complication after spine surgery was 9%. The incidence rate of pulmonary complications was 3.28 per 100 persons per year. There were 199 pulmonary complications after spine surgery (Table 2 ).
• The mortality rate from pulmonary complications was 3.61 per 1,000 persons per year.
• In the univariate analysis, age older than 65, presence of smoking, diabetes, COPD, CHF, elevated Charlson comorbidity score, indication for surgery of nondegenerative nature (ie, trauma, tumors), cervical and thoracic level surgery compared to lumbar surgery, and increased surgical invasiveness were all statistically significant risk factors for pulmonary complication after spine surgery (Table 3 ).
• In the multivariate analysis, male gender, COPD, CHF, Diabetes mellitus, age greater than 65 years, diagnosis (nondegenerative), thoracic level surgery and surgical invasiveness were statistically significant risk factors for pulmonary complication (Table 4) . 
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DIScUSSION
• We observed a cumulative incidence of pulmonary complications after spine surgery to be 9%. Reported incidences after spine surgery range from 0.9% to 5%, but definitions of pulmonary complications and study populations vary from study to study [1] [2] [3] [4] . Our reported rate of pulmonary complications is nearly triple that of the highest previously reported incidence. A number of factors may contribute to this. Firstly, we recorded all pulmonary complications that occurred within two years after spine surgery. This inclusive approach likely contributes to the elevated rate of pulmonary complications that may not necessarily be related to the index spine procedure. The large patient population in our study reflects a very diverse patient population, including individuals with serious spinal disorders and major comorbidities who typically seek care in a tertiary care center like ours. This creates a negative selection bias from which tertiary care institutions like ours frequently experience when compared to institutions with very selective care approaches. In addition, the closer one looks at complications the more they appear to occur. As in any such study, identification of the amount of pulmonary complications led to the creation of care teams including perioperative medicine consult services and spine surgery anesthesia care teams to standardize care protocols and improve consistency of implementation of medical treatment recommendations.
• While many of these risk factors are intuitive, these data allow for quantification of these risks and may aid the clinician in decision making and counseling of patients.
• Strengths: Our large sample size and the quality of our data on several possible predictive variables for a pulmonary complication make this a very exhaustive analysis. Our analysis methods using multivariate regression allowed us estimate the effect of several risk factors on the probability of a pulmonary complication, while controlling for other possible predictive factors. • Limitations: When groups are not randomized, selection bias comparing groups or risk factors may lead to a distortion of the findings based on confounding. Our data were collected prospectively using an ongoing spine registry created for enhanced quality assurance with monitoring and recording of all surgical activity, recording of preoperative baseline data and postoperative follow-up visits at defined intervals. We also identified several potential risk factors that may influence pulmonary complications and carefully controlled for them in a regression analysis. We feel this limits concerns regarding potential confounding.
• Future research should involve building prediction models whereby the probability of a complication can be predicted for each patient who undergoes spine surgery based on their composite of risk factors. This prediction model would need to be externally validated in another population of spine surgery patients.
SUMMARY AND cONcLUSIONS
• In this study, the cumulative incidence of pulmonary complication after spine surgery was 9%. 
